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(57) ABSTRACT

A loudspeaker enclosure defined by one or more panels hous-
ing a drive unit. The drive unit includes a coil, a diaphragm,
and a magnet. The magnet is decoupled from the one or more
panels of the loudspeaker enclosure. Sound is generated by
the movement of the diaphragm and complementary move-
ment of the magnet, on application of an appropriate electri-
cal signal to the coil. The moving diaphragm acts against a
first volume of air within the enclosure, while the movement
of a surface coupled to the magnet, acts against a second air
volume, different from the first volume. The surface coupled
to the magnet is decoupled from the one or more panels of the
loudspeaker enclosure.
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1
DECOUPLED DRIVE UNIT FOR A
LOUDSPEAKER ENCLOSURE

BACKGROUND OF THE INVENTION

The present invention concerns loudspeakers. More par-
ticularly, but not exclusively, this invention concerns a loud-
speaker enclosure housing a decoupled drive unit for a loud-
speaker enclosure.

A conventional moving coil loudspeaker cabinet 102 is
shown in FIG. 1. This utilises a diaphragm 104 driven by a
coil 106 reacting against a field produced by a magnet 108.
The coil 106 vibrates the diaphragm 104 in sympathy with an
applied electrical signal to create a sound. The out of phase
sound emanating from the rear of the diaphragm 104 that
would otherwise interfere with this sound is trapped inside the
volume interior 110 of the cabinet 102. This volume 110 acts
as an air spring that resists the motion of the diaphragm 104.
To counteract this force the magnet 108 may be rigidly held
by a chassis 114 which fixes the loudspeaker in the cabinet.
The chassis 114 consists of legs or a perforated cone, allowing
the diaphragm 104 to radiate sound into the cabinet 102.
When designing a loudspeaker unit, consideration needs to be
given not only to the effects that arise from the air spring
effect of the volume 110, but also the forces arising from the
acceleration and vibration of the diaphragm. This vibrational
energy excites the magnet 108 in anti-phase to the diaphragm
104 and some of this vibrational energy will travel via the
chassis 114 to the panels of the cabinet 102. The cabinet 102
will then act as a secondary sound source whose output is
dependent on its own mass, stiffhess and surface area. It is not
practical to make the cabinet radiate as a rigid body, so reso-
nances are common. This output is generally seen to be unde-
sirable and many steps are taken to reduce it.

One such way of reducing the transmission of vibrational
energy from the magnet to the cabinet is to decouple the
magnet from the cabinet by means of a resilient mounting
ring. Such a decoupled loudspeaker unit is shown in FIG. 2,
which shows a cabinet 202, with a coil diaphragm 204, coil
206, magnet 208, interior volume 210 and chassis 214 much
like the unit shown in FIG. 1. The resilient mounting ring 216
connects the chassis 214 to the cabinet 202 and therefore
decouples the chassis 214, and therefore the magnet 208,
from the cabinet 202. This solution works well if the internal
volume 210 is very large relative to area of the diaphragm 204
or if the diaphragm 204 is not significantly affected by the
stiffness of the air spring 210. Below midrange frequencies
the stiffhess of the air spring 210 is often significant. Ifthe air
spring’s stiftness is significant, relative to the resilience of the
mounting, then the magnet 208 will move in addition to or
even in preference to the diaphragm 204, resulting in a loss of
and/or distortion in acoustic output.

The present invention seeks to mitigate the above-men-
tioned problems. Alternatively or additionally, the present
invention seeks to provide an improved loudspeaker enclo-
sure.

SUMMARY OF THE INVENTION

The present invention provides a loudspeaker enclosure
housing a drive unit, preferably a bass or mid-bass drive unit,
wherein the drive unit comprises a coil, a magnet and a
diaphragm. The magnet is decoupled from the loudspeaker
enclosure. The diaphragm is arranged to move, and thereby
generate sound, on application of an appropriate electrical
signal to the coil, which also causes a complementary move-
ment of the magnet. The diaphragm is arranged such that
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when moved by such an electrical signal it acts against a first
air volume within the enclosure. The diaphragm is preferably
supported on a first chassis. The magnet is arranged such that
when moved by such an electrical signal a surface coupled to
the magnet acts against a second air volume, different from
the first air volume. The surface coupled to the magnet is also
decoupled from the body of the loudspeaker enclosure. The
body of the enclosure is typically defined by one or more
panels.

In contrast to previous proposals for decoupled drive units
for loudspeaker enclosures, the present invention both
decouples the magnet from the enclosure but also ensures that
as the diaphragm acts against a first volume of air during its
movement, the magnet, as a result of being coupled to an
appropriately configured surface, effectively acts against a
second volume of air. Such an arrangement facilitates better
control of the sympathetic vibration of the magnet, either
harnessing it for the purpose of increasing output levels or
reducing the magnet vibration and/or its affect on sound
quality, as is explained further below.

It will of course be appreciated that if the magnet is both
coupled to the surface which acts against the second air vol-
ume and decoupled from the body of the loudspeaker enclo-
sure and/or the panels defining the enclosure, then it may
follow that said surface will inherently also be decoupled
from said one or more panels of the loudspeaker enclosure.

It will be understood that in the context of a drive unit fora
loudspeaker the issue of whether a first object is coupled to, or
decoupled from, a second object is judged over a particular
acoustic frequency range. The frequency range of relevance
will be one that covers all frequencies likely to give rise to
undesirable vibration of parts of the loudspeaker enclosure.
The decoupling of one physical thing from another in the
context of the present invention may be considered as equiva-
lent to vibrationally decoupling the things. Thus, two items
that are decoupled from each other in the context of the
present invention may nonetheless be in indirect contact with
each other. Indeed, as described below in further detail, it may
be preferred that items that are decoupled from each other are
physically joined to each other by a means that provides the
decoupling. Given that physical systems rarely behave per-
fectly it will also be appreciated that the decoupling of one
object from another in accordance with the present invention
will typically not provide perfect decoupling of one object
from another.

The one or more panels may be flat-panels, but may in
some embodiments be curved. The panels may have a thick-
ness that is different at different portions of the panel, but it
may be convenient for the panels to have a substantially
constant thickness. The second volume may be to the exterior
of the enclosure. The second volume may be defined by
atmospheric air in the region of the local environment of the
enclosure. It will be appreciated that in such a case the second
volume would typically be larger than the first volume. In the
case where the surface coupled to the magnet acts ona volume
of air to the exterior of the loudspeaker, it may be utilised to
produce sound in-phase with the sound produced by the front
diaphragm. In such a case, the surface may be designed to
improve the quality of the sound produced so that it matches
and/or complements the sound produced by the diaphragm.
The surface to which the magnet is coupled may be accom-
modated within an aperture defined by the rear panel of the
enclosure. The surface may be defined by means of a portion
of' the rear panel of the enclosure.

The second volume may be smaller than ten times the first
volume. The second volume may be smaller than the first
volume. The first volume is preferably a closed volume. The



US 9,241,206 B2

3

first volume is preferably sealed. The first volume is prefer-
ably arranged such that in use it acts as an air spring, against
which the diaphragm acts in use. If the first volume were
vented in any way then such a vent might require the provi-
sion of damping and/or the acoustic resistance therein. The
first volume may be provided with a reflex port, but in acous-
tic terms still be considered as “closed”.

The second volume may be located within the enclosure.
Such an arrangement allows a more flexible solution that may
be of application in a wider variety of environments. In the
case where the second volume is in the cabinet, the magnet
may be arranged such that when moved by such an electrical
signal a further surface coupled to the magnet also acts
against the first air volume. Thus, as an example, the magnet
may have a first front surface that acts against the first volume
and a second rear surface that acts against the second volume.
It will, from this example, be appreciated that it is within the
scope of the present invention for the magnet to be coupled to
the surface by means of' the surface being defined by the body
of the magnet or a part thereof.

Preferably, particularly when the second volume is within
the enclosure, the second volume is vented. The second vol-
ume is preferably vented to the outside of the enclosure. The
second volume may be vented to the front of the enclosure.
Additionally, or alternatively, the second volume may be
vented to the rear of the enclosure. Venting the second volume
provides a means of damping of, and/or reducing the stiffness
of, the air spring effect of the second volume. The venting of
the second volume may be in the form of a vent that includes
means for providing acoustic resistance. For example, the
vent may include material that provides acoustic resistance,
such as amesh, wadding, nested tubes, sintered metal balls, or
the like. Additionally, or alternatively, acoustic resistance
may be provided by means of the arrangement or configura-
tion of the vent. For example, the vent may include a simple
slit, a constriction to the airflow, and/or a long and convoluted
shape. Provision of acoustic resistance in the venting arrange-
ment may assist, during the design process, in setting a suit-
able decoupling transfer function, which in turn has an effect
on the likely relative motion of cabinet and speaker. The
present invention may be of application in a case where the
second volume is within the enclosure but not vented. In such
a case, it may be preferred for the second volume to have a
volume that is comparable to, and possibly larger than, the
first volume.

The second volume may have a depth that is less than ten
times the maximum excursion that the magnet is expected to
make during normal operation. The second volume may have
a depth that is less than five times the maximum excursion
that the magnet is expected to make during normal operation.

The loudspeaker enclosure may be arranged such that the
complementary movement of the magnet is of the same order
of magnitude as the movement of the diaphragm reduced in
proportion to the mass ratio of the magnet to the diaphragm.
Thus, if the diaphragm experiences a displacement of about
25 mm and has a mass about 25 times less than that of the
magnet, then the complementary movement of the magnet
may be of the order of 1 mm. If the magnet were braced or
otherwise rigidly coupled to the enclosure then one might
expect reduced complementary movement of the magnet, but
more movement and/or undesirable vibration of the enclo-
sure. It has been found, surprisingly, that for relatively small
excursions of the magnet, performance of the loudspeaker
unit is not significantly compromised. Linearity of the system
might be affected for relatively large excursions of the mag-
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net, but such large excursions (significantly greater than 1
mm) are not envisaged in view of the likely mass ratio of the
magnet to the diaphragm.

The surface to which the magnet is coupled may be defined
by means of a structure that shows a surface areato the second
volume of air that is comparable to surface area of the dia-
phragm. Such an arrangement may be of benefit when the
surface radiates sound from the enclosure (for example, when
the second volume is to the exterior of the enclosure). It may
also be of benefit when the second volume is within the
enclosure, as it effectively provides better balance and match-
ing as between the forces acting on the surface (coupled to the
magnet) and the forces acting on the diaphragm. The surface
may be defined by a structure that has a shape that is compa-
rable to the shape of the diaphragm.

Above, it is stated that the surface to which the magnet is
coupled may actually be defined by the body of the magnet
itself, or a part thereof. It is preferred however for the surface
to be defined by structure distinct from the magnet. The
surface may for example be a non-magnetic extension of the
structure of the magnet. The surface may be defined by a
structure that supports and/or accommodates the magnet. The
surface may be coupled to the magnet via one or more struts.
The surface may be defined by means of a structure that
resembles a piston, which is coupled to the magnet. The
piston structure may for example comprise a central rod that
extends from the magnet to the surface, the rod being gener-
ally perpendicular and centrally disposed relative to the sur-
face. The central rod may be considered as being an example
of the one or more struts mentioned above.

A resilient mounting may provide the means for decou-
pling the magnet from the body of the loudspeaker enclosure,
and/or one or more panels defining the enclosure. A resilient
mounting may provide the means for decoupling the surface
coupled to the magnet from the body of the loudspeaker
enclosure, and/or one or more panels defining the enclosure.
It may, in certain embodiments, be feasible for there to be just
one such resilient mounting for providing the decoupling of
both the magnet and the surface coupled to the magnet from
the enclosure. It is convenient however, in most of the envis-
aged embodiments, for there to be at least two separate resil-
ient mountings, a first for decoupling the magnet from the one
or more panels of the loudspeaker enclosure and a second for
decoupling the surface coupled to the magnet from the one or
more panels of the loudspeaker enclosure. The or each resil-
ient mounting may be generally ring shaped. The or each
resilient mounting may be of rubber or flexible polymeric
material. The or each resilient mounting may be a silicone
member. Silicone is typically preferred as it tends to exhibit
less creep than other rubber materials.

Preferably a first resilient mounting is be provided between
the magnet and one or more panels of the loudspeaker enclo-
sure. Preferably a second, separate, resilient mounting is pro-
vided between the surface coupled to the magnet and said one
or more panels of the loudspeaker enclosure. The first resil-
ient mounting, between the magnet and one or more panels of
the loudspeaker enclosure, and the second resilient mounting
provided between the surface coupled to the magnet and said
one or more panels of the loudspeaker, may be placed directly
between such parts. Other items may however also be placed
in the acoustic path that would otherwise exist between the
parts decoupled by means of the resilient mountings. For
example, in one embodiment of the invention described
below, the diaphragm is supported on a chassis, and the
decoupling of the magnet from the panel(s) is provided by
means of the chassis being attached to the enclosure via a
resilient mounting. The resilient mounting connecting such a
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chassis (for example the aforementioned first chassis on
which the diaphragm may be supported) to the enclosure may
be positioned rearwardly of the front panel of the enclosure.
More generally, the foremost resilient mounting for decou-
pling the magnet or surface coupled to the magnet from the
enclosure may be recessed, and therefore may be positioned
rearwardly of the front panel of the enclosure.

As mentioned above, the diaphragm may be supported on
a first chassis. There may also be a second chassis. For
example, the second chassis may hold, but be decoupled
from, the surface that is coupled to the magnet. The magnet is
preferably decoupled from the second chassis. The surface
coupled to the magnet may be decoupled from, and accom-
modated within, the loudspeaker enclosure (and/or the
panel(s) thereof) by means of the surface being fixed to the
second chassis via a resilient mounting. The first chassis may
be connected to, but decoupled from, the second chassis. The
second chassis may be wider (for example, by having a larger
diameter) than the first chassis. The first chassis may be
arranged to be circumferentially surrounded by the second
chassis. The second chassis may comprise one or more leg
members arranged circumferentially about the magnet. The
second chassis may define one or more vents for venting the
second volume, for example to a region exterior to the enclo-
sure. The vents may be provided at least partially within said
leg members mentioned above. It will be appreciated that it is
within the scope of the present invention to have a loud-
speaker enclosure where there is only one chassis possessing
all or any of the features of the afore-mentioned “second
chassis” but without the provision of the “first chassis” (the
diaphragm being held by other means).

The magnet will typically be positioned rearwardly (in the
direction front to back of the enclosure) of the diaphragm. In
applications where the maximum depth of the enclosure is
limited (for example in the case of an in-wall enclosure), it
may be preferable for an inverted arrangement to be used, in
which the magnet is positioned forwardly of the diaphragm.
In such a case, the magnet may be so arranged that sound may
be permitted to radiate from the diaphragm at least partially
through the magnet, typically through an aperture in the cen-
tre of the generally annularly-shaped magnet.

The enclosure may accommodate further drive units in
addition to the drive unit mentioned above. Thus two or more
drive units may thus share the same enclosure. The enclosure
may be divided into two or more sub-enclosures.

The loudspeaker enclosure may be in the form of a cabinet,
for example a free-standing loudspeaker cabinet.

The loudspeaker enclosure may be in the form of'an in-wall
loudspeaker installation. As mentioned above, there may be
one or more panels forming the enclosure. The one or more
panels may be defined by one of more surfaces of a cavity
provided in the wall in which the loudspeaker assembly is
installed.

The present invention also provides a kit for making an
in-wall loudspeaker installation as described or claimed
herein. The kit may include a drive unit (for example a bass or
mid-bass drive unit) comprising a coil, a magnet and a dia-
phragm, the diaphragm being arranged to move, and thereby
generate sound, on application of an appropriate electrical
signal to the coil, which also causes a complementary move-
ment of the magnet. The kit may include one or more fixings
for mounting the magnet within the wall in a manner that
decouples the magnet from the wall. The kit may include one
or more structural elements, for example comprising one or
more panels, for dividing the cavity into a first volume and a
second volume, the kit being so arranged that once the loud-
speaker is installed in the cavity, the diaphragm acts against
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6

the first air volume when moved by such an electrical signal
and a surface coupled to the magnet against a second air
volume, different from the first air volume, when moved by
such an electrical signal.

It will of course be appreciated that features described in
relation to one aspect of the present invention may be incor-
porated into other aspects of the present invention. For
example, the method of the invention may incorporate any of
the features described with reference to the apparatus of the
invention and vice versa.

DESCRIPTION OF THE DRAWINGS

Embodiments of the present invention will now be
described by way of example only with reference to the
accompanying schematic drawings of which:

FIG. 1 shows a section through a loudspeaker cabinet
according to the prior art;

FIG. 2 shows a section through a loudspeaker
according to the prior art;

FIG. 3 shows a section through a loudspeaker
according to a first embodiment of the invention;

FIG. 4 shows a section through a loudspeaker
according to a second embodiment of the invention;

FIG. 5 shows a section through a loudspeaker
according to a third embodiment of the invention;

FIG. 6 shows a section through a loudspeaker
according to a fourth embodiment of the invention;

FIG. 7 shows a section through a loudspeaker cabinet
according to a fifth embodiment of the invention; and

FIGS. 8a, 86 and 8¢ show a loudspeaker unit according to
a sixth embodiment of the invention.

cabinet
cabinet
cabinet
cabinet

cabinet

DETAILED DESCRIPTION

A balanced decoupled loudspeaker cabinet 302 according
to a first embodiment is shown in FIG. 3. The exterior of the
generally cuboidal cabinet 302 is formed by six panels
including side panels 302s, a rear panel 3027 and a front panel
302f. The loudspeaker cabinet 302 includes a mid-bass drive
unit, which comprises a diaphragm 304 driven by a coil 306
reacting against a field produced by a magnet 308. The coil
306 vibrates the diaphragm 304 in sympathy with an applied
electrical signal to create a sound. Sound radiates from the
diaphragm forwardly through the aperture in the front panel
302fof the cabinet 302. The magnet 308 is housed in a chassis
314 that is physically connected to, but vibrationally
decoupled from, the front panel 302f'by means of a resilient
mounting 316, in the form of a silicone ring. The magnet 308
is therefore effectively decoupled from the cabinet 302.

A first volume 310 in the cabinet 302 acts as an air spring
such that, on application of an appropriate electrical signal to
the coil, the diaphragm acts against the air spring defined by
the first volume 310. Movement of the diaphragm causes
complementary movement of the magnet 308. The rear sur-
face of the magnet 308 is connected to a piston arrangement
comprising a rod 320 and a portion of the rear panel 302r.
Thus, the complementary movement of the magnet is effec-
tively reacted against a second air volume 312, namely the air
exterior of and to the rear of the cabinet. It will of course be
appreciated that the magnet 308 also acts against the air
spring defined by the first volume 310 of air. The rear panel
3027 coupled with the rod 320 and magnet 308, is itself
connected to, but decoupled from, the cabinet 302 by means
of a further resilient mounting 322. The rear panel 302~
moved by the magnet has approximately the same size and
shape as the diaphragm 304 at the front of the speaker.
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The coil 306 reacts against the magnet 308 with a much
reduced loss of output to the speaker diaphragm 304. Any loss
is also compensated for by acoustic output of the piston-rear
surface 3027, which radiates acoustically in phase with the
speaker diaphragm 304. Thus, not only is the problem asso-
ciated with vibration of the magnet coupling with the cabinet
and causing distortion and undesirable noise mitigated, but
moreover, the vibration of the magnet is utilised to produce
complementary sound waves from the rear surface that could
enhance and increase sound output.

A second embodiment of a balanced decoupled loud-
speaker cabinet 402 is shown in FIG. 4, which is based around
a 15" (~380 mm) bass unit. The second embodiment also
differs from the first in that the rear surface of the cabinet is
not used to radiate sound. There is therefore no need for a
moveably mounted rear panel to be provided in the rear of the
cabinet, which may therefore simplify construction and/or
effective use of the loudspeaker unit. The magnet 408 in this
caseis inthe form of'a (relatively heavy) ceramic magnet. The
magnet 408 is housed in a first chassis 414 that is decoupled
from the cabinet 402 by means of resilient mounting 416. The
first chassis 414 supports the diaphragm 404. An interior
panel 424 is connected to and coupled with the rear of the
magnet 408. The interior panel 424 is physically connected
to, but decoupled from, a second chassis 430. The second
chassis 430 is connected directly to the cabinet 402 and such
that its rearmost portion is mounted forward of the rear panel
4027. The resilient mounting 416 which decouples the mag-
net 408 from the cabinet 402 is positioned at the front of the
cabinet and actually extends from the first chassis 414 to the
second chassis 430.

In this second embodiment, the interior of the cabinet 404
is divided into two volumes of air: a first volume 410 between
the rear of the diaphragm 404 and the front of the interior
panel 424 and a second volume 412 between the rear of the
interior panel 424 and the rearmost part of the second chassis
430. This second volume 412 is vented to the front of the
cabinet 402 by means of hollow legs 432 ofthe second chassis
320. In the second embodiment, movement of the magnet is
not therefore used to generate complementary sound output.
The entire assembly (comprising the drive unit and both chas-
sis) can be inserted into the cabinet from the front face only.
The interior panel 424 radiates into the second volume 412,
which is relatively small as it needs only to allow for the
excursion required to decouple the magnet 408 effectively.
The mass of the magnet is about 10 Kg whereas the mass of
the diaphragm is about 0.2 Kg Thus, in view of an expected
maximum excursion of the diaphragm of 25 mm, it is
expected that the expected maximum excursion of the magnet
will be of the order of 0.5 mm. In this case, the depth of the
second volume 412 is about 5 mm. In this embodiment, the
first volume is about 0.1 m>, and the second volume (includ-
ing the vents defined by the hollow legs 432) is very roughly
of the order of 0.005 m>.

FIG. 5 shows a third embodiment which illustrates a varia-
tion of the second embodiment. In addition to the vent 432 to
the front of the cabinet 402, there is provided a rear passage-
way 434 which also vents the second air volume 412 to a
region to the rear of the cabinet 402. It will be appreciated
that, as a further variation, the forward venting vent of the
second embodiment could be dispensed with entirely, with a
rear vent similar to this third embodiment being provided.

FIG. 6 shows a fourth embodiment, which is similar to the
second embodiment. Thus, there are first and second volumes
510, 512 defined in the cabinet 502 and there are vents defined
atleast partly by hollow legs 532 of the second chassis 530 for
venting the second volume 512, and there is no rear vent. The
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first chassis 514 is connected to but decoupled from the sec-
ond chassis 530. The main differences will now be described.
The interior panel for reacting against the second volume is
now defined by a conical extension 524 of the magnet struc-
ture 508. Such a structure reduces complexity in that effec-
tively one fewer part is required. Such a structure can also
provide better balance in the arrangement, as the shape and
behaviour of the conical extension 524 are more like that of
the diaphragm 504. The diameter of the second chassis 530
tapers towards its rear to make it more compatible with exist-
ing round chassis designs. The forward decoupling suspen-
sion 516 is recessed and positioned rearwardly of the front
panel 502f. The vents defined in the hollow legs 532 of the
second chassis 530 are arranged to vent the second volume
into the space above the decoupling suspension 516 and then
via the small clearance between the first and secondary chas-
sis 514, 530.

FIG. 7 shows a loudspeaker cabinet 602 according to a fifth
embodiment. In this embodiment, the loudspeaker drive unit
comprising the first chassis 614, magnet 608, coil 606 and
diaphragm 604 are arranged in inverted formation and the
enclosure 602 is designed for installation in a cavity in a wall
of a building, for example a house, cinema, recording studio
or the like. The first chassis 614 has a open structure defined
by four legs 614/ extending inwardly from an annular ring
structure 6147. The diaphragm 604 is positioned rearwardly
of the legs and sound radiates though the open regions
between the legs 614/. The first chassis 614 holds the magnet
608 and is also connected to and coupled with an interior
panel 624. The second chassis 630 is coupled and connected
to the front of the cabinet by means of a conventional bond.
Thelegs of the second chassis 630 are hollow and define vents
632 for venting air to and from the second volume 612. The
first chassis 614 is connected to the second chassis via front
and rear decoupling mountings 616, 622. The inverted nature
of'the arrangement allows the cabinet to be more shallow (less
depth) making the arrangement potentially more suitable for
an in-wall installation.

A balanced decoupled loudspeaker drive unit 702 accord-
ing to a sixth embodiment is shown in FIGS. 84, 85 and 8c.
FIG. 8a shows the drive unit 702 in perspective as viewed
from the front. FIG. 8¢ shows a 3-d computer model of the
unit 702 in a schematic cut-away view. The plane A-A,
through which the section of FIG. 8¢ is taken, is shown in
FIG. 8b. The general configuration of the drive unit 702 is
similar to that of the fourth embodiment shown in FIG. 6.
Thus, there are first and second volumes 710, 712 defined in
the unit 702. The second volume 712 vents to the front of the
unit via hollow supports 732 (see FIG. 8¢ in particular) and
there is no rear vent. The first volume 710 is enclosed by
means of panels of the loudspeaker enclosure (not shown in
FIGS. 8a to 8¢). The bottom of the magnet is attached to, and
therefore coupled mechanically to, a metal pole-piece and
plate 708p. The underside of the pole-piece and plate 708p
acts against the second volume 712 in use. There is a first
(inner) chassis 714, formed of an upper and a lower part,
which supports the diaphragm 704 (in the form of its cone
704¢ and its associated surround 704s). The diaphragm 704
acts against the first air volume 710 in use. A second (outer)
chassis 730 is formed from an upper part and a lower part,
joined by an isolating ring 7307. The first chassis 714 is
connected to but decoupled from the second chassis 730 by
means of an upper decoupling suspension ring 716 and a
lower decoupling suspension ring 722. It will be appreciated
that the lowermost surfaces of the inner chassis 714 (i.e. of the
lower part) will also act against the second volume 712 in use.
FIG. 8¢ shows the voice coil 706 of the drive unit in section.
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It will be seen that the magnet 708, its associated plate 708p
(which in use acts against the second volume 712) and indeed
the entire inner chassis 714, are all decoupled from the outer
chassis 730 and therefore also decoupled from the panels (not
shown) of the loudspeaker enclosure, in which the second
chassis may be mounted.

Whilst the present invention has been described and illus-
trated with reference to particular embodiments, it will be
appreciated by those of ordinary skill in the art that the inven-
tion lends itself to many different variations not specifically
illustrated herein. By way of example only, certain possible
variations will now be described.

The rear surface 302~ of the cabinet of the first embodiment
could also be designed in the same way as the speaker dia-
phragm 304 so to better match and complement its output.

Rather than venting via legs of a chassis, dedicated tubes or
conduits could be provided instead. For example, separate
tubes could be placed at the corners of a square chassis.

Instead of using resilient rings to decouple one part from
another part, different means could be employed. For
example, a sliding joint could be employed with one part
being coupled a first portion of the joint and the other part
being coupled to a second portion of the joint, the first and
second portions of the joint being slidably connected to each
other but otherwise vibrationally decoupled. The positions of
such first and second portions would preferably be arranged
such that they would be urged towards, or otherwise be
arranged to return to, a neutral or rest position.

A dust cap (not shown) may of course be provided in front
of the speaker diaphragm and/or voice-coil/sleeve.

Where in the foregoing description, integers or elements
are mentioned which have known, obvious or foreseeable
equivalents, then such equivalents are herein incorporated as
if individually set forth. Reference should be made to the
claims for determining the true scope of the present invention,
which should be construed so as to encompass any such
equivalents. It will also be appreciated by the reader that
integers or features of the invention that are described as
preferable, advantageous, convenient or the like are optional
and do not limit the scope of the independent claims. More-
over, it is to be understood that such optional integers or
features, whilst of possible benefit in some embodiments of
the invention, may not be desirable, and may therefore be
absent, in other embodiments.

The invention claimed is:
1. A loudspeaker enclosure housing a drive unit, the enclo-
sure being defined by one or more panels, wherein

the drive unit comprises a coil, a magnet and a diaphragm,

the magnet is decoupled from the one or more panels of the
loudspeaker enclosure, and

the diaphragm is arranged to move, and thereby generate
sound which is emitted forwardly of the diaphragm, on
application of an appropriate electrical signal to the coil,
which also causes a complementary movement of the
magnet,

wherein

the diaphragm is arranged such that when moved by such
an electrical signal it acts against a first air volume
within the enclosure,

the magnet is arranged such that when moved by such an
electrical signal a surface coupled to the magnet acts
against a second air volume, different from the first air
volume, the second air volume extending rearwardly of
the magnet and

the surface coupled to the magnet is decoupled from the
one or more panels of the loudspeaker enclosure.
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2. A loudspeaker enclosure according to claim 1, wherein
the second volume is smaller than the first volume.

3. A loudspeaker enclosure according to claim 1, wherein
the second volume is located within the enclosure.

4. A loudspeaker enclosure according to claim 3, wherein
the second volume is vented to outside the enclosure.

5. A loudspeaker enclosure according to claim 1, wherein
the second volume has a depth that is less than ten times the
maximum excursion that the magnet is expected to make
during normal operation.

6. A loudspeaker enclosure according claim 1, wherein the
surface to which the magnetis coupled is defined by means of
a structure that has a surface area arranged to act against the
second volume of air that is comparable to surface area of the
diaphragm.

7. A loudspeaker enclosure according to claim 1, wherein
the surface is coupled to the magnet by means of the magnet
defining at least part of the surface.

8. A loudspeaker enclosure according to claim 1, wherein
the surface is coupled to the magnet via one or more struts.

9. A loudspeaker enclosure according to claim 1, wherein
the loudspeaker enclosure includes a resilient mounting such
that it is the resilient mounting that causes the magnet to be
decoupled from the one or more panels of the loudspeaker
enclosure.

10. A loudspeaker enclosure according to claim 9, wherein
a first resilient mounting is provided between the magnet and
one or more panels of the loudspeaker enclosure and a second
resilient mounting is provided between the surface coupled to
the magnet and said one or more panels of the loudspeaker
enclosure.

11. A loudspeaker enclosure according to claim 1, wherein
the enclosure comprises a chassis that defines a rearmost
boundary of the second volume.

12. A loudspeaker enclosure according to claim 11,
wherein the surface coupled to the magnet is connected to but
decoupled from the one or more panels of the loudspeaker
enclosure by means of the surface being connected to the
chassis via a resilient mounting.

13. A loudspeaker enclosure according to claim 11,
wherein the chassis defines vents for venting the second vol-
ume.

14. A loudspeaker enclosure according to claim 1, wherein
the enclosure is in the form of a free-standing loudspeaker
cabinet.

15. A loudspeaker enclosure according to claim 1, wherein
the enclosure is in the form of an in-wall loudspeaker instal-
lation.

16. A kit for making an in-wall loudspeaker installation
according to claim 15, wherein the kit includes

a drive unit comprising a coil, a magnet and a diaphragm,

the diaphragm being arranged to move, and thereby
generate sound, on application of an appropriate electri-
cal signal to the coil, which also causes a complementary
movement of the magnet, and

one or more fixings for mounting the magnet within the

wall in a manner that decouples the magnet from the
wall,

wherein

the kit includes one or more panels for dividing the cavity

into a first volume and a second volume, the kit being so
arranged that once the loudspeaker is installed in the
cavity, the diaphragm acts against the first air volume
when moved by such an electrical signal and a surface
coupled to the magnet against a second air volume,
different from the first air volume, when moved by such
an electrical signal.
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17. A loudspeaker enclosure having a main body in which
there is housed a drive unit, wherein

the drive unit comprises a coil, a magnet and a diaphragm,

the magnet is decoupled from the main body of the loud-
speaker enclosure,

the diaphragm is arranged to move, and thereby generate
sound which is emitted forwardly of the diaphragm, on
application of an appropriate electrical signal to the coil,
which also causes a complementary movement of the
magnet,

the enclosure includes a first structure or group of struc-
tures defining a first volume of air within the enclosure,

the enclosure includes a second structure or group of struc-
tures defining a second volume of air within the enclo-
sure, the second air volume so defined being different
from the first air volume so defined and extending rear-
wardly of the magnet,

the diaphragm is arranged such that when moved by such
an electrical signal it acts against the first air volume,

the magnet is arranged such that when moved by such an
electrical signal a surface coupled to the magnet acts
against the second air volume, and

the surface coupled to the magnet is decoupled from the
main body of the loudspeaker enclosure.

18. A loudspeaker enclosure according to claim 17,

wherein

a first suspension ring is provided to decouple the magnet

from the main body of the loudspeaker enclosure and
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a second suspension ring, separate and spaced apart from
the first suspension ring, is provided to decouple the
surface coupled to the magnet from the main body of the
loudspeaker enclosure.

19. A loudspeaker enclosure having a main body in which

there is housed a drive unit, wherein

the drive unit comprises a coil, a magnet and a diaphragm,

the loudspeaker enclosure comprises a first suspension ring
which decouples the magnet from the main body of the
loudspeaker enclosure,

the diaphragm is arranged to move, and thereby generate
sound, on application of an appropriate electrical signal
to the coil, which also causes a complementary move-
ment of the magnet,

the enclosure includes a first structure or group of struc-
tures defining a first volume of air within the enclosure,

the enclosure includes a second structure or group of struc-
tures defining a second volume of air within the enclo-
sure, the second air volume so defined being different
from the first air volume so defined,

the diaphragm is arranged such that when moved by such
an electrical signal it acts against the first air volume,

the magnet is arranged such that when moved by such an
electrical signal a surface coupled to the magnet acts
against the second air volume, and

the loudspeaker enclosure comprises a second suspension
ring, separate and spaced apart from the first suspension
ring, which decouples the surface coupled to the magnet
from the main body of the loudspeaker enclosure.

#* #* #* #* #*



